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Thres Geometrically dimilar unginesa are ineatalled in Jloan laboratory 
for the purpose of investigeting the effect of size on engine characteristics 
and perfornrce. 


A theory hae been forculeted, which states that in similer engines 
operating at the same piston apeed, if the ratio of oil viscosity to bore 
(characteristic dimension) is the eame for all engires, then IMEP, FYEP, BMEP, 
and indloated therval efficiency will be the sare, 


Frevious investigative work on the 33 engines hea reaulted in poor 
corrolation of FE): firing and but slightly better oorrolation in FOE! in 
the motorins condition. 


The purpose of this theals was to motor the angines in several stares 
of assembly, to aystematioally determine the mechanical friction cortribution 
of each engine parte These resulte were ther compared for tha three erflires 
in on effort to determin the sourse of disarreemert, 


Thin work finda thet within the limite of experimorntel] accuracy the 
motoring PLY ard ERP do conforr to thaory. The data collected on the 
awellest of the three ongires ia at variorce with thet previowsely obteined, 
and essertially resolves the past diasgreanert with Wh theory. 


The preserce of a contact type rubber of] seal may contritute ae mush 
#a 20% of the totel frictlon mer effeative pressure motoring in the cor= 
pletely assembled condition, 


It ie recommended that more firing data he colleeted to check provisus 


informtion or firing PrEP end thet the contact type of] seals be replaced 
with nonesontact sealge 
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LETRODUCTION 


Three geometrioslly similar internal combustion engines, designed and 
constructed under the supervision of the Automotive Division of the lechanical 
Engineering Dep't of the “acsachusstts Inetitute of Teshnolezy were inetelled 
in Sloan Laboratory durirg 15457, ‘These engines ware built primmrily for laboratory 
inveatigation of thegreties] similitude relations comwernire piston engines, 

The establishment of @ general geometrically similer engine theory offere attract= 
ive poseitilities in developing a stevia for rational engine design, as contrasted 
to wholly explrieosi exgine design. I+ sould e@lao pernvit of wider application of 
use of mode] or small scale angines in determinitie charsateriatias of large 
sachiness 

GSS Theory states that in G5, engines cperating at the same piston speed, 
I¥MEP, PHEF and $2P must be the sexe for all engines, if the ratio of absolute 
oil viscosity toe characteristio diuension is the same Cor all engines (5). 

The only previous work which has been ascomplished om these engines was 
thet of Geboury ot al (1), Breed and Jowdrey (2), Lobdell and Clark (3), ant 
Fikel and eSwiney (4), The thesia by Gaboury et al indicated that IMEP in 
the three engines operating st the same platon apeal sor:foraed quite closely 
to predicted resulta, Uoewever the weasured 4) 4fF aid not agree with theory due 
to variations ir FEY. Gaboury'a work included both firing ard motoring runs 
and showed somewhat better agreenmert in the motorim, sondition than when firinge 

The purpose of this investigetion ia to determine the seonmarieal friction 
contribution of the major camponente of each enine to the MEP in metoring 
condition. It was hoped that euch data might provide an understanding of tre 
resson for the variation of TEP bataeen the three sngites. Also it vould serve 
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EQUI PHavt 


The three engines under discussion are single cylinder, four stroke, 
spark ignition machines of 29, 4, and 6 inch bore, All engine dimensions 
and aqcessory eouiprent are preportioned in the same retio as the borea (5). 
Dynanometers on the 2¢ ard six inoh engires ere at the alternsting current 
drive type with Dyremetio magretic apyed cortrol clutches. “he 4 inch 
ergine 1s equipped with » convertional direct current dynmmometer, All 
wachinee are equipped with a sensitive hydraulic torque measuring device 
(7). Sach engine is installed in am individual test cell mounted on a 
sbring-su"ported hed plate completes with inlet surge tank, vaporizing tank 
and exhaust surge tank. Cooling water is oiroulated by @ sapsrate pump, 
and tenpereture controlled through a steam jacleted heat exahanrer, A 
circulating ofl] pump is provided for « high velooity o11 circuit through 
the Orankease and heat exchanrer. Thie provides close ard homezenous 
temperature cortrol of the lubricating oil. An additional oll pressure 
pump fe inatalled for besring and cylinder lubrication, O11 and water 
cirouite are fitted with direct-reading thermometers. A thermocouple is 
inetalled at the sain bearing surface in esoh engine. A diagrawatic eketoh 


of the equipment and arrancemant may be fourd in Appendix "A", 
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ach engine wee motored in three different conditions of sesembly, 
ae described below and shown by sketeh in Appendix "B*, 
Mondition "A": Engine completely sesewbled, Criction elements are two 
Wain bearinge, crunk journal, pleton end rings, timing geer drive yok 
buehing, wain ofl seal, tiving geare ont buehbings, camaha it bearings » 
eam followers ana valvee. “o irlet and exheuat pipes wars [itted, nor 
wae the igrition equipme:t,. 

on "bp"; Yrankshaft, cylinder, piston ant comrecting rod inetalleds 

bo cylinier bead, oawshelt gear or wilve pushrojs, friction slomente are 
ae ir Jordition 7A* without idler geer ar’ velve trein, 
vonsition "©": Grenksheft and idler geer iretelisd, to cylinier, pieton, 
sonnesting rod or camehaft gear, Friction sloserts cre two cain bearings, 
timing gear drive yoke bushing, timing pirior, idler sear ard the main 
oil sesi, On these runs er alusimam sicave wae placed over the crank 
jourral to prevent loss of o1] preseureo 

In each condition ths engines were operated over ® apeed ranpe Tron 
Zero to 1580 feet per minite piston speod, O11 temperatures were held 
donetant at 190° F., clreuldiing water inlet at 130° Poy Girculeting 
water flow rate wae held constant at one value of Plow per unit area, 
In collection of all date sufficient time waa allowed for equilibrium 
conéitions to prevail, A series cf readings vere observed «1 each run 
to show aystematicnily that conditions were substartially constart, 

In previous work on the angires, no attempt had been made to reasure 
or regulate the: jecaket water flow rete. “or this investigation 4.5-! e*. 
square odced standard ori™Mses were inserted irto the water cirsulation 
syotem ard calibrated, “he firat work carducted on thse ai" engine then 


consisted of a series of runs to detersine what sffest, if ary, variation 
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in coolent flow rate would have on engine Sriction results, On all 
Subsequent rurs a water flow of 2024) /eoc./ire” was arbitrarily used, 

In corcluding the first serice of high epeed runs on the 23" engine 
in “B" sondition, a sudden change in friction aml bearing temperature 
measuremerts indicated the possibility of a bearing derangesert. The 
engine wes diswantled ard flaring off of the bebbitt in the outer osir 
bearing was discovered, “reviour difficulty had been experienced with 
these bearings in that the very thin babbitt layer (.005*) had not bean 
fully bonded to the backirg meterial., Soversl attempts at marufecture of 
new beerings also resulted in poor babbitt bord, so both main beerirgs on 
this engine were shenged using solid phosphor brorze as the bearing material. 
Investigetior. of bearing clesrences «t+ this time showed that the scormecting 
rod bearine clearence was not as specified by sinilitude reyuiremelita, To 
reotify this 8s ‘rorze soonrod bearing was inetalled with dleerenmce increased 
from .001" to .0023". “herefore when the 2:‘ engins vas returned te 
service all three principle bearinge had been chanjed to bronze with ine 
creesed clearance in ths sonmescting rod bearing. 

erly in the investigetion, in uaing the mapretically=coupled type 
of dyremometer it was noticed thet the hy¢reaulic torque-sesle sero residing 
varied appreciably deperdirg upor whether the zero was set with the dynamo] 
mter motor rumring or with the ertire emetine shut down. “‘y disconmecting 
the dynamometer output sheft from the engine, it was deternined thet sore Cor 
of drag existed in the magnetic saupling even vith no oxcitetion on. As a 
result 61] seale zerose ware set with the dynamometer completely orf. & 
avall poasible error was slso detected as reinted to the cooling water flow 
through the dyreamoneter, Insofar ae cooling water ia required Por normal 


operetion, this valve was left open when setting the scale zero. 
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At every opportunity measureme ta were trker of principal ercine perte 
afd recorded in Appendix ©, The 2)" enrine rings wore found to heve cone 
siderably more relative spring tension than the other two en¢ines and were 
eubsequertly modified to confers wore t/osely with eimilitade requiremente, 

After completing ail other experimental runs, the waiz o11] se] wes 
removed from the 22° engine ani the engine run in the ")” oordition te 


detéarsine the wagnitude of the Priction cortriWution of this of] seal, 
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PRSAULTS 


The observetione resulting from this investipstion are ocortsined 
in the subsequert data sheets. “he amooth data ita plotted in Figures 
1 to 8 ig. 1 shows the resulte obtained on ths 2$* engine with 
syoteratically varied sooling water flow rates. All other mechanical 
mp curves are for constant seoling water rate, and conetart inlet ofl 
and water temrerstures, For purposes of easy comperiaon these date 
were plotted first for each erpine in three different conditions of 
assembly, and sgein for each cordition of sasembly for the three different 


engines. 
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DIAS TOD 


This Leen wid go than involved the Sirst attempt to correlate the rete 
of cooling water flow between the three arnines. Alter ealitrating flow 
orifices, it was irtenied that eash ereine be run with equal flow per unit 
areas, At the siert of the work on Ube 23" engine 1% becase a metter of 
interest to determine any possible variition in frietion as a function of 
eOolert flow, Therefore runs wore wade at five differant flow rates and 
the reaults plotted ir "ige le Thies curve shows no sicnifloant variation 
in mechanics] mean effeotivea preseure thet can be attributed to flow rate 
slore. 11 ether friction runs were then run st constar.t coolant flow rate 
per unit area. 

Tive 2 shows the results obtained on the 2)" engine. The results that 
were obteined in the "5B" JonJition both before and after dioemantling the 
engine Vor néw bearings are plotted in Mg. 9, © significant change in 
friction eceurred after chengirng voth main and cet wot bearings Prom babbitt 
to brorme, increasing the sonred olearanoe ar’ reduoizy the reletive ring 
tereiior by wore then onechaif, ‘he curves of Cig. 8 in the “A* Jonditior 
hoth with and without the of] seal show thet this sea] contributes a large 
proportion of the totel friction particularly at low speeds where the sea) 
probably opereted largely in the bound ry reeion of Tluid Criction, The 
complete engine or *4" Gornlition surve is aigrvificartly lower than thet 
obtained by Saboury et al, but it wuat be emphaniged that in this ine 
veetigation the aitinse were rur without irlet sre exheauet surwe tarks or 
Piping, so thet the pulpirg sontribution of Saboury's curve cannot be 
compared on an identics, ig. 

Pigure 3 4a the result for the 4° eyrine, Om thia machine the "se" 
Jonditien curva Lf soxewhet closer te Gaboury ef a1 then on the 28° c@ginee 
Figure 4 1s the plotted deta for the ¢" engine. The trendy are cowparable 


to the 4" mechine. 
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12. 


Figure 5 ia the result for th: three engines in the "A" or somplate en- 
Eine cordition, “hese curves show definitely the* within the renge of ex= 
periwertel error the wotoring “MP is the sawe for «11 enrines. 

Tigure 6 is the same for the ‘3° aordition, ané aleo shows thet mechanic= 
al mean effective pressure for the three erginree 15 the game within the 
limite of experimortel socuracy, 

figure 7 ta the "9%" or batecrankehoft condition of eperttion, These 
ourves show 4 somewhat greater spread then conditions “3* and "A", 

figure 3 compares the friction developed in the 2." engine with and 
without the Win oll seal, The friction oontribution of tyia seal ie large, 
particularily at low speed where the see] may opersta lergely in the boundary 
ronlm of Tluid friction, It is manifestly difficult to dealgn and obtein 
thie type: of gee] on ary besia that would guarantees geometric similitude, 
Among the verianta would be rubber hardness, area of cortact, the chenge of 
rubber properties with tine and of course surface characteristics ef the 
sheft. ‘ote that the maximum friction contribution of the seal in the 
2y" engine 18 .pproximetely one-half the total for the "3" or bare=cranke 
shaft, condition, It was also neted thet in running without the ol; sea] the 
equilibrium temperatures of the main bearing were soneiderably lower than in 
the comparable sonditian with seala dnetalled. A correction for oll vingosity 
might *hen magnify the di ference between thera two curv7t. 

It wan coneldered by the euthore throughout the experlonntal work that 
the securtcy of reading the hydraulie scale wae about .7° MAF (22° meroury 
soale resting) varying slightly between engioss, 

\ possitie omuse of cisagreenient with airiler engine theory lies in the 
imherert cL*ficulty of satisfying the requiresert sie Og be the sem in all 
engires (fee Appandix "B"}, \esWiing thet the vinsosity-temperature cheracter= 


latices of the three lubricating oile used would be simtier, 1% ie not likely 
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The conclusions arising Crew the data of thie irvestioetion 


are an follows: 


le 


Ze 


De 


The theory, which predicts thet the Mo) and pw. ef 
similar engires operating at the sare piston apeed will 

be the samm, is @ valid om, Por enpiver urder motoring 
conditions. 

The use of a contest type o1] seal wev introduce large 
friction forces ard is a component of urnvertain behaviour 
in experimertal engines of this type. 

Me effect of cooling water velocity on Slt ie nepligibly 


aeall fer moterim doctitiors. 





15. 


In view of the strong diversity between the motoring "iF obtained 
by Seboury et al and the ")" aceditio: results of this investigation, it 
is recounetied that Bore firing data be colleted on the 279" ergines to 
(1) check previous date or (2) determine if the chengea made on the engine 
during this investigation will have eny effect upon FEF firinge 

The rubber sontast type o11 ssals in ell three engines should be 
replaced by 2 noreeontect of1 geal, If thin te umertaken another series 
of motoring dute should be callected to cofipere with the results of this 


thes ise 
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TABLE I 
2—" 6.8. ENGINE 


A=-CONDITION- COMPLETE ENGINE 
T, = {60°F Ty =ISO°F 


26 APRIL 195) 
FINAL 


] 
RUN RPM S d d bh’ hy Th Tz #+;«:®\+%Ta Ve Ty’ Ty Ts’ Ta MEP MEP 
A-| 4860 24090 -3,9 6.1 &.! 4.9 i786 I78 146 §@6146 120 lef 176 1g o 17.6 
-3.9 6. 5.3 4.7 180 160 160 149 > | je2. 178 igo 146.87 
-3.9 c.f §. 3 4,7 18o igo 16 |{ 51 127 12 8 178 180 16.87 16.87 
A-2 960 480 ~-3.9 6.) 4.7 5.3 1e0 180 ISO 150 140 141 176 178 19,00 
-3.9 6.! 4.7 5.3 18° 18° 150 150 14 | (42 177 179 19.00 [9.00 
A-3 1440 720 -3.9 6€.! 4.2. 5.8 180 180 150 Igo 164 iss . 16! 1a 3 29.80 
=— 3:9 c.f 4.2 5.8 {80 18 Oo is! iS | 164 155 16! i133 20,80 20.890 
A-4 {9820 960 -3,.9 €./ 3.¢ €.e iI7 17e 149 148 164 165 182. 18 4 22.290 | 
-3.39 6. 3.8 6.2. igo 180 iso 150 164 165 18z 1a5 22,20 
-3. 9 «.{ 3,8 ¢.2 iT: Ke) 180 150 150 1¢4 165 iag 185 22.20 22.20 
A-& 2400 1200 -3.9 c.! 3.2. ¢.8 180 199° [$2 is2 i775 177 1B6é 188 24.40 
-~3.9 6.1 3,3 6.7 18 oO Igo 150 iS! iV 5 177 1a¢é 186 2.4.00 
- 3,9 é.| 3.3 6.7 [60 130 150 150 IWS 177 i8¢ 188 24.00 24.00 
A-G 2880 |1440 -3,9 <. I 2.7 73 1a ia! 150 is | 183 Iga 5 1@7 ie9 26.20 
-3,9 é.f 2.7 7.3 180 1s I 18 { 153 194 186 137 1893 26,20 
-3.9 6.1 2.7 7.3 178 ie@0 150 is3 184 186 186 Iss 26.20 26.20 
A-7' 3400 1700 -3.9 Cc. 1.8 8.2 i180 180 ISS 154 192 194 18e@ 190 629,40 
-3,9 é. 1.8 8.2 igo 18] 1s | 154 193 IS 5 169 19 | 20.40 
~3,9 é.l 19 6. 18 | 92 150 1s3 193 ISS 190 is2 29,10. 
78.9 ¢./ 1.9 8.| 146i 162 iSO 52 193.5 {96 190 i92 29,160 29,10 
NOTE: A-~7’! MAXIMUM SPEED RUN d! SCALE ZERO AT —-10.0 h' SCALY zEBERO AT 10.0 


SAMPLE CALCULATION 
2s" G.S. ENGINE RUN A-! 28 APRIL 1951 


Rx h = MEP 
389 * 49 c= I7.6 PS.|. 


h= SCALE READING 
R= DYNAMOMETER SCALE CONSTANT 


DYNAMOMETER SCALE CONSTANTS 


ENGINE R 
2i" 3,59 
4" 3.28 


6" 3.88 





TABLE IZ 
24+" 6.S. ENGINE 
A* CONDITION — COMPLETE ENGINE - SHAFT Ol SEAL REMOVED 


T= 180°F ma=ISOF 
imMAY 1951] 
, ; FINAL 
RON RPM 5S d d bh! b Ti T2 2 #8T+ ¢ Ty Tz7 MEP mEP 
A*-4 1920 960 -3.9 61] 4.4 $.6 164 164 iSs2 iso 144 45 20,10 
-3,9 c.f 4.5 6.5 ia95 iss sz iS{ IA¢ 47 19.75 
-3.9 c.f 4,5 §.§ iss i863 1S2 Igo 146 147 19.75 19.75 
MM € 2860 |440 -3.9 é. 4 3.2 6.8 [ZO 1Go $52. Sz 162 1¢3 24.40 
-3.9 ¢. 3.2 é€.8 i78 178 143 147 <6 166 24.40 
-3.9 <¢.! 3.2 68 IZO To 1683 152 16€ 167 2440 24.40 
AMN™-4 1920 960 -3.9 €. | 4,5 5.5 i78 178 1S2 is2 1iS3 J154 19,75 cHECK 
A*-2 960 4890 -3,9 6¢,/] 5,7 4.3 ISO 180 162 149 139 140 15.45 
-3.9 <.! 6.7 4,3 Iso igo 1S 2. 149 139 140 15.45 15.45 


d’ SCALE ZERO AT -10.0 
ho SCALE ZERO AT 10.0 





RUN 
8-13 


B-2 | 


8-55 


3-53 


B-5| 


BIS 


RPM 
460 


476 


39¢0 


9¢0 


9¢0 


2400 


Z4oo 


24oa0°0 


4S 


1440 


d’ ScaLe ZERO AT 
é 
bh SCALE Z2FRO AT 


S 
240 


240 


480 


430 


480 


1200 


Zoo 


i200 


Z4O 


72O 


ryt 
ee es 
WWpwm -~ 


N uw ol 


t 
9 
ne 
7A & 


W PRO WwW 


+/2.0 
¢+12,0 
#12,0 
+1Z.O 


+J2.8 
+12,.5 
412.5 


6.25 


22.6 
22.4 


22,6 
22.¢ 


a 


00 
ond ~™N 


220 
22.0 
22,0 
22.0 


2.2.8 
22.5 
22.5 


-10.0 
10.0 


2,65 
2.60 
2:90 
2.60 


2.65 
2.60 


250 | 


Ee. 


3.55 
3.65 
3.€O 


3.690 


3,790 
3.7 9 
3.70 
3.70 


3.70 
3.70 


$.05 
S05 


4,.9° 
4.90 


#35 
4.85 


HH 


NNN 
AV AA 


4.10 


4.10 
+,)0 


Th 


ito 
iso 
180 
1So 


is | 
{Zo 
Iso 
{so 


Ivo, § 
[30,0 
130.5" 
iz0.0 


1st 
ISO 
178 
Img 


igo 
150.5 


179 
iSO 


isl 
1s | 


ISO 
Igo 


2a 


TABLE 


Ta! 


'F2. 
Ve. 
is~z 
Be 


1o4 
ig2.S 
13 4- 
iss. 


1S4 
isd 
134 
BS. | 


(se 
IF2 
179.5 
173 


is!” 
182. 


{fo 
1S | 


ISS 
ISS 


iss 
iss 


"6.8. ENGINE 
B' CONDITION — CRANKSHAFT, ROD AND PIS TON- BEFORE 
T= 180°F 


Ta = |50°F 


“Ta 


1g Oo 
{so 
150 
150.5. 


15O 
150 
1sO 
ISO 


1s / 
iso 
49,5 
15o 


is] 
150.5 
1g 0 
1s 6 


143 
(SO 


is f 
iS | 


E-Te, 
16 | 


1$0o 
148 


(3 FEBRUARY 


iS2 
| ro 


) TO 
179 


14 FEBRUARY 


1sz 
ito 
} Fo 


ss 
132 
sf 
1ZO 


1S 4 
IF2 
1 f 


152 
15 2 


is | 
1So 


150 
152. 
1S | 


+148 


3i JANUARY 1961 


Té< 


I14f 


148 
148 


148.5 


148 
147 
148 


149 
143 
i148 


148.5 


1SO 
ISO 
143 


148.5 
147 


143 
150 


149,5 


149.5 
160 


14%,5 
14% 


igs! 
15 Oo 


150 
150 
149 


195 | 
148 
150 


149 


Ts’ T7 
130.5 131.5 
130.5 1431.6 
130.5 (31.5 
130,6 131.5 
430.5 031.8 | 
ist 132 
190.5 331. 5. 
130.5 131.5 
1495 146 
14 4 146 
144.5 146.5 
144, 14s 
i438 4 
143 144 
143 144 
143 144 
143 144 
143 144 
|\77 i739 
I7ZS Ivo 
179 (oi 
IFO IF Zz 
1fo iISZ 
ito in P4 
128 130 
(238 (29 
228 leg 
ize i293 
iss 154 
154 iss 
164.56 I55 


Te: 


i79 


79 


173 


179.5 


179.5 
172.0 | 
179.0 | 
179.0 


132.5 


1s2 
1 | 


182 
is | 
179 
i7 s 


is] 
1s | 


1s3 
iss 


IiS¢ 
1 7 


is? 
iS 7 


i739 
17 
177 
17 © 


Itz 


ai 
1s | 
is | 
isl 


ist 
iso 
17 | 
1eI 


13S 
iss 
154 
(73 


184 
ivs 
is! 
1 sO 


133 
SZ 


re 
186 


ise, & 
139. § 


19 
12,5 


NN Q@ 
N@®wo 


ALTERATION 
EAL 

MEP MEP 

21S | 

2.54 

8.96. 

9.34. 9.20 

9.15 | 

9.34 | 

8.9¢ 

9.15 9.15 

2.75 

13.10 

12.92 | 

iz.92 12.92. 

13.29 

13.29 

13.29 

13.29 13.29 

(3.29 

1329 J3.29 

i113 

if.{3 je. t3 

17.60 

17.60 I17%60 

17.4 | 

i741 17.41 

922 

922 922 

14.70 


14. FO 
14,70 14.70 





RUN 
B-33 


8-43 


B-65 


NoT #: 


RPM 


1440 


1440 


I9ZoO 


i920 


3000 


d' SCALE ZERO 
h' SCALE zeEWO 


3 


720 


720 


9 €0 


9€O0 


1500 


a 


-3.¢6 
—-3.¢ 


- 9.5 
-39.8 


~ ©, | 
- 9, I 


~3.8 
-3.8 


12.6 


aT 
aT 


2 


AN DO 
qa NN OW 


Vv 


— 19.9 


10.0 


IN RUN DESIGNATOR 


b, / 


5.90 
$.30 


6.90 
$.90 


4,40 
$1.45 


4,40 
$.40 


4.30 


LETT ER 
FIRST 
SECOND 


kh “T Ta Te 
4,10 18so 1vo (sO 
4,10 1go 1S / iSO 
4,/0 Iso 1s2Z 1&o 
4,10 1 BO (is t iso 
‘9 FEBRUARY 
4,¢0 1178 ;s5 150 
4.65 10 1/33 {so 
46°09 i793 IV = 1$oO 
4690 480 is! 150 
5.70 !%O0 1g] 150 
INDICATES 
NUMBER INDICATE S 
NUMBER INDICATES 


0.05 “src 
0.10 Ec. 
0.15 “SEC. 


14 FEB RUARY 


CONDITION oF ASSEMBLY 


TABLE If 


(CONT! NUE D) 


i95| 
Te 


148s 
149 


48 
149 


19S] 
14% 
14 


148 
146 


}450 


SsPEED 
COOLING WATER FLOW 


0.20 *Y/stEc. 
0.30 */stc. 


Tr’ 


IS ¢ 
ise 


ise 
iSé 


1¢5 
165 


166.5 
165.5 


190 


Vu wn 
NAG ONY 


166 
166 


167 
167 


i192 


Te 


is | 
Ira 


i-2z 


120,5 


{Fo 
iso 


173 
{vO 


ise 


T = 


[a3 
(a4 


184 
Ig 3 


182 
182 


18 | 
162 


RATE AS. 


ME P 


14.70 
14.70 


14.70 
14.70 


16.50 
16.50 


16.50 
16,50 


29.4¢ 


PINAL 


MEP 
14.76 


14,70 


16.50 


i¢. 5O 
20,46 





TABLE 
2" 6. S. ENGINE 
B CONDITION— CRANKSHAFT, ROD ,AND PISTON -AFTER ALTERATION 


T,2 180°F “Ta 15 OTF 
27 APRIL {98} . a. = 
/ / | | f fFinaL! | 

RUN RPM 5 é d b h T, 7 aan, a, 2 se! N Tee? aX To MEP | MEP | 
B-l 480 240 -3.9 6.1 6.9 Z.I 180 180 149 147 114 ais 17 § 77 | th te | 

=—s.'2 6.! 7.25 2.75 180 18®O ... 150 149 123 124 i7z7e6—Cisé‘i‘«~ 7H 9.86 

-3.9 é.! 730 62.70 162 182 150 \48 125 126 179 isl 8.70 

-3.9 6. | 7.40 2.60: 18} 1a i150 146 127 1286 179 ~—s—s« NB I 9.35 

-3,9 6. | 7,40, 2.60 180 180 150 146 127 126 176  ='8690 8.35 

- 3.9 6.| 740, 260, 160 1660 150 148 t27 128 176 180 , 9,35 936 

| | | | 

B-2 960 480 -39 = 6.1 635 3.65 180 180 150 149 I44 145 177 179 13,10 

-3,9 6.1 635 3.65 180 . 180 151 149 148 146 177 179 13,10 | 

-3.9 6.1! 6.60 3.40 180 180 150 149 145 146 177 179 12.20 

-3.9 6.! 6.60 3.40 180 #£={860 150 149 144 145 177 | Il7e 12.20: 

-3.9 6. | 6.45 3.55 180 180 }§0 149 146 147 177. 79 12.72, 12.72 | 
B-3 1440 720 -3,9 6.1 5.80 4.20 180 180 160 149 157 %I58 179 161 15.08 | 

-2.9 c.f 5.70 4.30 180 180 160 149 #186 159 178 . 180 15.42 | 

~3.9 6. §.75 4.25 180 160 150 149 159 [60 178 1a0° 15.25 

~3.9 6.1 5.80 4.20 180 180 {50 {49 159 [60 178 180 {S08 15.08 
B-4 1820 960 -39 6.1 530 4.70 i793 179 150 [50 72 75 © 186 i8e 8=— 1. 8 8 

-3.9 ¢,! 5.20 4.80 180 180 150 1s5sO i775 I7 7 180 ig2 17220 

-3.9 é.! 6,30 4,70 190° 180 160 160 167,5 170 16 | \83 16. 86 

-3.9 c. | 5.40 4,60 130 180 iSO 150 16 170 10 | 183 16.50 16,50 
B-5 2400 1200 -37.9 6,1 5,1] 0 4.90 16! 180 Iso 150 183 185 183 eS 17,60. | 

~3,9 €.t 6.40 4.¢€0 190 180 149 146 176 178 is 3 185 1¢,50 

-3,9 <.I 5.40 4.€0 180 18O 150 Iso 72 174 180 igs2 16.50 

-3.9 ¢.| 5.40 4,60 180 {ao i150 ISO 174 I7¢ 1g0 a2 16.50 16,50 | 
B-6 2880 !440 -3.9 é.l 6.20 4.60 178 178 1s | isi jl@o)60C fC 82020 ie 184 17.22 

~3.9 é. | §.20 4,80 179 179 150 iSO 16! 183 ies 165 wee  IZe2 
B-7' 3000 1500 -3,9 c./ 5.10 4,90 180 180 150 iso 184 186 196.5 69 17. 60 

-3.9 6. 5.10 4.90 180 180 150 150 184 186 0 =, 186 168 1760 1760 


NOTE: B-7' MAXIMUM SPEED RUN 


d" SCALE ZERO AT -10.0 
Hh SCALE ZERO aT 10.0 








RUN 


ct 2 


ct 5 


NeTre. 


NOTE. 


RPM 


960 


2400 


IN C™ CONDIT! 


960 


14406 


1920 


24°00 


2 FO 


3120 


C- 7 


S 
480 


1290 06 


#606 


720 


960 


1200 


i440 


i560 


2490 


i 
> 


7 


~~ QO 


7 
6.4 
6.5 
6.6 
€.6 
te) 


N 


6.85 
6.85 
6.85 


6.¢0 
¢.60 
6.6 


€.40 
€.40 
6.40 
€.40 


6.19 
€.20 
6.20 


€,0° 


6.107 


6.10 


€,00 
6.00 
6.090 


750 
7.690 
7€9 


mA at 
RES 


3.15 
3.15 
7.15 


3.40 
3.40 
¥.40 


3.60 
3.690 
3.€0 
3.60 


3,90 
3.80 
B.FO0 


4,900 


4.00 


3.90 |. 


4,90 
4.00 
4.00 


2.590 
2.40 
> 40 
2,35 
2.35 


“Ta 


154 
i4¢ 
150 


15] 
1s | 
isi 
15 | 


Té« 


150 
146 


149 


1$ oO 
150 
150 
1SO 


Tr 
116 


132 
133 


1é 2. 
x4 

icd 
i¢S 


WAS REMOVED 


(50 
150 


|}590 


15! 
SO 
150 


[50 


146 - 


146 
150 


Ibo 
1S Oo 
150 


150 
160 
1$o 


150 
150 
150 


/s3 
1S! 
1\go 
150 
ISO 


MAXIMUM SPEED RUN 


149 


i439 
150 


149 
149 
149 


149 
146 
146 
149 


143 
149 
149 


{509 
1g O 
150 


149 
iSO 
150 


150 
15° 
14 8 
148 
146 


wep cap 


1a7 
137 
137 


147 
146 
149 


l¢c 
[6c. 


164 
164 


I7 6 
176 
es 


OW O© @® 
000 HH 


nD 
15.5 


th: 


138.5 
119.0 


TABLE WZ 
ee 
2—* G.S. ENGINE 


C CONDITION - CRANKSHAFT AND IDLER 


Tz 180°F Em 1 50°F 
2i1 aAPRik 1968! 
FINAL 
> MEP MEP 
117 10.77 
133 10.40 
134 10.40 10.40 
[63 12.90 
lé 7 [2.57 
169 12.20 
169 12.20 12.20 
138 30 
(38 11. ZO 
i376 1.30 1.30 
14% 12.20 
i49 12.20 
150 12.20 12.20 
1¢3 i2.90 
le3 12.90 
(¢6 12.90 
l¢¢6 122.90 12,990 
i78 14.30 
178 13.60 
178 13.60 13.60 
187 14.35 
la7 14.00 
187 14.00 14.00 
92 i4,.35 
j;92 14,.3S | 
192 194.35 14.35 
23 APRIL IJS9S/ 
117 B.¢/ 
119 v.¢f 
12° 3.44 
120 S.4¢4¢ 8.44 
10.0 


AK’ SCALE ZERO AT 





TABLE WI 
4" 6.5. ENGINE 
A CONDITION —~ COMPLETE ENGINE 


Tym (60°F ae (50°F 
Ii3 may 1:95} 
; P | | | FINAL 
RON RPM s d d h h Ti T | Be ii Te T> nmEP MEP 
A-3S 900 720 -2.0 6.0 3.8 6.2 1I7¢ I7e 149 (48 154 20.4 
-2,0 €.0 4.0 6.0 178 i7@ iso 149 Is S 19.7 
-2.0 6.0 4.0 6.0 197¢ i7@ 86146 146 j68.F5 18.7 
-2,0 6:0 4.1 6.9 1%o IFO 1590 160 ise 19.35 19.35 
A-4 1200 99€0 -2.0 6.0 3.2 6.8 1ZO izo 150 150 17 1 22.3.) 
—2,0 ¢.0 3.2 cv Si ici 16 | 160 172 22.3 
-~2.0 6.0 3.3 6.7 Ig] it! {gO 150 173 22.0 
-2.0 6.0 3,¢ 6.4 1g Iso 15 0 E-Jo, 173 ,2).0 | 
-2.0 6.0 3.4 6.6 1ZO igo 1So 150 173 21.6 21.60 
A-5 1500 {200 -2.0 ¢.0 29 7.3 iso 1'So }50 150 18 8 23.905 
-2Z,0 €O 7. 7.2 ZO Iwo i52 1S2 18.6 23.6 
-2.9 €.0 z7.C F2 180 (zo 1sO 150 19S 23E6€ 23a.€d 
A-<« 1TOO 1440 -2.0 €.0 2.0 5.0 ih go Iso Isl 16) 2o2z 2625 | 
. —2.0 6.0 zZ,0o Z.0 he £4, ISO 150 ISO zoom 2426 2626 
A-7 2190 [1€80 -2,0 €.0° 1.0 9.0 gO 180 66154 564 208 295 
| -2,0 Co Ls e.5 1To 1800— ss «414 154 2190 27.9 
-2.0 6.0 Ls TS 180 ISO 164 164 210 27.9 
—-2.0 €.0 LS vo Fo jBO 154 is 4 210.5 27.9 22790 
A-2Z COO 480 -2.0 €,O 4,5 5.5 17z i797 149 14S 163 [f.0 
—-2.0 6.9 4,5 5S 1=O Th-{4, 150 150 1s3 }T.0 
-2.0 6.0 4.5 5.5 is | is | 160 Iso 1$3.5 1¢.0 1¥,00 
A- | 3090 )60—- 2240 =2- 2.0 6.0 5.6 4.4 isi isl iso 1s Oo 143.0 14.4 
—2.0 , GO 5.6 4,4 wi ist Fie 150 143.0° 14.4 1440 
d’ SCALE ZERO AT -8.0 
h' ScALHm ZERO AT 10.0 





TABLE 
4" 6.S. ENGINE 
B CONDITION ~ CRANKSHAFT, ROD,AND PISTON 


T = 180°F anI50°FR 
28 MARCH 195) 
A 

RUN RPM 5 4’ d ae T, TT | Te To Try MEP np 
B-4 !200 960 -a.5 5.5 4.0 6.° 173 {73 149 149 174 19. 7 

-2.5 5.5 4.3 5.7 1786 178 i651 is f 176 18, 7 

-2.5 5.5 4,5 5.5 i79 1.79 14¢ |\47 176 18,0 

-2.5 5.5 4.7 §.3 18° igo (| 54 154 176.5 17.4 

-2.5 5,5 5.9 5,0 (8 2. 162 }50 1sO IF7Z5 16.4 

~2.5 5.5 5.0 5,90 16 2. 1 Be. Igo 150 (78.5 1¢.4 

-2.5 5.57 5,0 5.0 ie | rel Igo Ex 178.5 16.4 lé .4 
B- 3 300 720 -2.5 5S 5.6 4,4 179 179 1so 160 I€¢ 14.45 

-2.5 5,5 6.6 4,4 1go ieo }so 1€oO iS ¢ 14.48 14.45 
B- 2 609 480 =) § 5.5 6.2. 3.8 18o 180 150 160 157 12.48 

-2,5 §,§ 6.1 3.9 180 1@0 148 142 $6.5 12.30 

—2.5 5.5 6.l 3,9 1a] iol 150 1650 166.5 12.80 12.80 
B- | 3900 240 -2.§ 5.5 7.0 3.0 180 160 150 150 148 2.85 

ce .o 5.5 6.9 3.1 1s f 1a0 1SO 0149, 147 «10.20 

-2.5 55 6.9 z,/ 18 f 160 15o 1sO 146 10.20 10.2 
B-G {€00 1440 -2.5 6.5 4.6 5,5 1@o 180 160 (50 1I92. 18.0 

-2.§5 5.5 4.2 4,8 }8o 1a° 15O Iso 197 19.1 

-2.5 5.5 4.2. 6. 8 18O {go 150 ISO 1986 19, | 

-2.5 5.5 4.2 5.8 180 160° 160 149 i998 19. | 19,1 
B-5 1600 12090 -2.5 5.5 5.1 4.9 (a0 (@o0.0—fdC«as3§ 67 156 192.5 16.) 

-2.5 5S 5.0 5.0 la | ia | 150 150 1s9 (6.4 

“2.5 5S 4.9 5.1 ie] 16 | 150 iSO 190 16.72 

~2.5 5.5 4.9 5.1 1e | ie | 150 150 190 16.72 ¢€.72 

d’ scALE ZERO AT -8.0 
h’ scat.E ZERO AT 10,0 





RUN 
c- 4 


TABLE p’seny 
4" 6.8. ENGINE 
C CONDITION - CRANKSHAFT AND IOLER 


APM § »/ 


1200 9¢0O 7 168 
7.15 
7.18§ 


79°90 


6.95 
A900 


1500 1200 


if@d0 1440 700 
ZaO0 


7.00 


BIS 
9.15 


7. FO 
74° 
4.49 


Mle 
A729 
Ar 2O 


€.85 


3200 240 


¢O0 4270 


300 720° 


2.35 
2.85 
2e.%5 


3,00 


3.05 — 
 3.9°O 


3.00 


B.CO 
3.00 


es 
i.¢s 


2.¢0 
2.690 
2.60 


2.99 
2.80 
2.30 


3.15 


2100 


i500 


2iooe 


bh’ scaLE z2ERO AT 


ISSO 


12d0 


1¢Fo 


6.95 
6.85 


7,09 
7.90 
AOS 


7,00 


Fac 


3.15 
315 


“3,00 


3,coO 


295 


3.00 


3.00. 


10.0 


Ty - 160°F T% = 15 0°F 
2 MARCH 195) 

“T4 Pr Ts MEP 7 Dy lol 

i152 149 16 9 9 

152. Iso 1¢ S ya 

150 149 is 9 9.35 -9.35 
150 148 1787 9.85 

15 | 150 86 17B~—it0,00 | 
ISO 149 I79 3385 9.85 
152 1sz 19 | s 

1iS2 152 191 See 

iSO 150 19! 995 9.86 

150 1446 132 €,0€ 

GO 146 132 6.06 €06 

150 146 —| az B.5 4 

152 45 86142 &. 54 

is2 146 142. 3.64 8.54 

150 i4¢ SF 9,52. 

iso 06146 155° 920°. 

iso l4¢ 165.5 9.20 9.52 

149 149 200.5 10,32 | 

150 4S 200.5 10,32 

150 ISO 700.5 i082 190.32 

3S Marc 

149 48 866176 9.8 _ 

1 sO 149 176.5 9.85 | 

1$ 0 i¢9 176.5 9.70 9.85 cnecns 
, 18e 149 198 9.55 

}S0 149 193 9.65 985 ecnKeKs 





TABLE Ik 


6 “ 6.6. ENGINE 
A CONDITION — COMPLETE ENGINE 
T= 180°F Ta =150°F 
280 APRIL IDS] 
FINAL 
RUN RPM Ss a h’ h T T Te jjTe Ty MEP meEP 
A-2 400 48°90 ¢.3 5,190 4.90 ie | 16 | 149 EX) 1Sé 19.10 
6.3 §.20 4.30 Ig! 16 | 149 1S | 156 18.75 IG@7S 
A-3' 700 840 6.3 4.¢0 ¢.40 1940 180 150 1iS3 172 2).00 
6.3 4.40 6.40 180 180 150 162 173 = 821,00 
¢.3 4.60 5. 40 180 18o 1s Oo iS2 173 21,00 2),00 
A-5 1000 1200 6.3 4.00 ¢€,00 180 {80 i49 160 192 23.40 
6.3 4.00 6,00 180 160 149 150 i9z2 2.3.40 
c.3 4,00 600 180 180 149 160 193 23.40 232.40 
A-<' 1300 !15¢€0 6.2 320 €.80 160 180 150 eI 207 26.§0 
6.3 3.40 ¢.¢€0 180 160 150 ist 210 25.70 
6.3 3.40 6.¢0O 180 180 150 re 211 25.70 25.70 
A-7 1400 1680 «€,3 3.10 €90 180 #1180 16! 1st 215 26.80 | 
6.3 3.00 %.00 igo 180 1$2. 52 215 27,20 
é.3 3,10 ¢.90 180 180 154 154 21S 26,890 2¢.80 
1 MAY 1951 
A- | 200 240 6.3 6.60 4,40 1go 180 ies cS 126 17, 16 
6.3 $.60 4,40 192 182 150 1SO 126 1% 10 
é.3 $60 4,40 181 1a) 150 150 1z7 17.10 t7.1o 
NOTE: A-Z' ENGINE HUNTED AT 6CO0ORPM 


A-«¢' 


ENGINE HUNTED AT I1200RPM 


h’ scaLK ZERO aT 10.0 





TABLE 
¢" 6.S, ENGINE 
B CONDITION -CRANKSHAFT, ROD, AND PISTON 


T= 160°F 4 = 150°F 
G APRIL I398I | 
FINAL 

RUN RPM S d bh’ h Th Te —. |) Pee MEP 8 meEP 
B-3 600 720 6.3 6.50 3,50 18660 180 i500 6182 178 3136 | 

6.3 €.60 3.40 ig2 182 150 Isa «77 13.22 

6.3 6.50 3.50 !I80O igo iso 162 17 7 13B.¢ 

6.3 6. 50 | 6540 180 18O 149 1S | i 13.6 13,6 
B-4 8oO°O 960 6.3 ¢.'15 3.85 1786 i788 148 15.0 

6.3 6.40 3.¢€0 18 2. 18 2. (63 14.0 

6.3 6.40 3.60 182 182 150 14.0 
B-5 1000 1200 6.2 6.10 3,90 1@0 t80 160 15.18 

6.3 €¢,410 3.90 I!80 180 160 16.18 

€.3 €.19 3.90 860 180 150 16,18 
8-6 I200 14406 6.3 5.70 4.30 18o 15 Oo 16.7 

6.3 6.70 4,30 180 igo 16.7 
B- 3 6°00 720° 6.3 €¢.80 3.20. 176 1g Oo 12.45 

6.3 6.75 3.2§ igo 150 12.65 
B-~-2 400 48° 6.3 7.10 2,90 180 149 W.3 

€.3 7,10 2.90 igo isi 1.3 

¢.3 7.10 2,90 180 [$0 11.35 
B-! 200 240 6.2 7,79 2.30 182 150 8.95 

€.3 7.€¢O 2,40 fa2. 150 9.32 

¢.3 % 509 2.60 1e@o 150 9.72 

6.3 769 | 2.50 {8o 1S 0 9.72 

h' scALE ZERO aT 10.0 


4 


TABLE Xt 


6 G.S. ENGINE 


C CONDITION — CRANK SHAFT AND IDLER 


T =160°F a=!5SO°F 
2! maRcH 1981 
FINAL 
RUN RPM S bh ’ t, an “Te ati WEP MEP 
C-!] 2°o0 240 7.85 215 160 15O 145 8.35 
7.¢5 £2.15 1§62 ‘52 146 8.35 
7,90 2.10 142. 152 146 6.16 
7.90 2.10 1s | i622 146.5 6.16 
7.90 2.10 (sa is i 147 B.I1¢ 8.16 
23 MAaARcH 1351 
C-2 4c9 4370 7, $0 2.50 150 1S oO 169 3.72 
7.590 32.¢0 }50 15 Oo 1s9 972 9.72 
c-3' 3700 640 7,209 2.70 16! sf I72 10.90 
7.20 2.70 #3I5f 1s [ Iv 2. 10,990 
7.20 2.80 1g6O 160 172 19.990 10.90 
C-4 800 960 71° 290 |50 150 177 th29 
7,10 2.90 160 1SO 177 11.29 
F710 2.90 150 150 1775 29 0.29 
C-§ 1000 i200 6.95 3.05 1850 150 1@7 11.77 
6.95 305 ISO 150 17 uU77 W777 
c-6' 200 16860 €.€65 3.35 I\s0 160 °' 20] 13,00 
€.€¢5 38.85 1§0 1SO 20 | 13.00 13.00 
Cc-7 1400 1680 €.69 3,40 150 160 2°97 13.20 
6.69 3.40 150 ' 150 206.5. 13.20 13,20 
C-2 400 480 Z50 2.850 1SO ISO €9.5 9.72 cHEcKk 
c- 1} 200 240 7.90 2.19 1So 1400=— («1 ASD Sie cHEcK 
NOTE: ¢c-3!': ENGINE HUNTEO AT 600 RPM 


| 
| 


ho scAL me ZERO AT 10.0 


= 
= 


| 
| 
| 


i | ! i 
C-6' ENGINE HUNTED AT 1200 RPM. 


| 
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APPRNVIX "A" 
Ge Se INGINNS 


Actual and Kelstive Sizes 





Actual bore 2500" 4,000" € 000° 
Relative bore 1.000 1.400 2.400 
etroke 3,000" 4,800" 7«200° 
Displacement Vol. 14,726 ine” 600318 ine? 203 «57 ine? 
Jonnecting Red Length 5,406" 8.650" 12.974" 


Jrank radius 
Jone rod length 062775 052775 0.2775 


Fiston speed (0.5) (rpm) (0.3) (rp) (le2)(rpm) ft/mine 
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45. 
APPENDIX. 7/9 


FRICTION THEORY Oh SOW eTRIOALLY 
(7) 


ATMILAKR BVMLTES 
1.) Viscous friction 
Using Petroff's Cerivation for thiok "ilm Lubrieation: 


SE a 
PHP = K “; *" ia 


In a Geometrically Siriler System 


Dx Jonstant 
Y) 


& = Constert 
D 


eo FHP epee » 

PHP © FMEP Vgh~ Pump 17 
ce | PRRER |= 3 
A @ the sane pleton speed 


FER 7 ~ [xn 


2.) Goulomb friction 


PIEP~ SF (hoad Freasure) yay ~w f (Loot Srassure } 
Va 


The friotion fastor depends on surface finish and 
waterials which should be the aaee in aimilar enginnse tise 
in similar engires IMP (or Loeé Pressure) is the same at 
same pistor apead, Thersfore, for similar orgines opersting 


at the same piston speed the @oulomb FMUF should be the same, 





109 Lea EGU LAY SORAe reo mebteyiseO ot etes get 
SS agfa =a 
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(euraet) sens) 2 E (ewan Realy <n t 
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lad Keen kh wove on bhamy al yitieet sekrblyt aur 
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04 eee wtf ot Lemeeerl Get) se) PURE totem alee at 
Pe ee oe 
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APPENDIX 9 


LUBRIQANTS 


In order to meet the similitude requirexert that M/1 be the sane 
for Got. Engines, the viscosity of the of] used in each engine was ad~ 
justed by blending 3AE 20 and SAR 60 lubricante in ths proper quantities. 


The oils used had the properties listed in the following rabies? 


Viocosity 6 eB eds 





Engine 100°F . 130°F. 210°r. 
23" 34S 160.3 52.8 
af 828 339.0 7662 
6" 1465, 427.0 114.1 
Sompositions 
2" URSA P 20 (Texace symbol) 

. 54% URSA P 60, 46% P 20 (By volune } 
6" 95% URSA P 60, 53 P20 " 


46. 


These oils are « atraight wineral oil, wholly paraffin base, distilled, 


with no additives, The above samples give the same value of #/1 at 250°, 


This temperature was adopted in fef, 1 as an attempt to satiafy sirilitude 


requiremerts in all parts of the engine. 
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(1) epiey quimaisoh wa web Hatwht weeds vwreng Weld bad bom #2 
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47. 


APPRNDIR *p* 


The water flovs were measured by means of ASME aquare edged 
orifices inserted in the line between the engine outlet and the 
wmter expansion tawke. The flow was cortrolied by a throttis valve 
{reerted on the discharge side of the water pumps. 

Fach orifice was calibrated and the resulta plotted in *ige. 
Rel, De2, and D-5, 

The flow rates actually ueed were: 

0515' /sea. 0.534 /son. 0-864" /sac. 


These flows were based on 0,024’ /see./in- for 61] ensines, 
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APTENDIX "" 

















MEASURED DFO TONG. €.5. Sires 
Engine 2)" Ate 6 Remarks 
Vain Fesring (Crankside) 2.1195" 5.3898" 5.0850" New Bronze Searirge 
Crankehs ft 2.1170* 553050" 5.0790" on 2x” ergine 
Glesrance e625" 3.0048" 0.0060" 
Qeerance/Bore 0.0020 eGR 2 0.9019 
Vain tearing (flywheel) 2.1195" fot 5,085" New bronze bearing 
observed 
Crankehs ft 2.1170* . 5.079" On 2)" engine 
Clee ranee 0.0025" . 0,006" 
Sleararce/tore 0,0010 . 9.0010 
Jonhed fearing (Large 1.4291" 2.614" 5eK04" ~=hew bronze sorrod 
Srankpin i, 1.6248" 2.610" 3 899" #4 bearing on 25* 
Jlearsnse 0.0025" 0.004" 0.205" = engine 
Cleerarce/Bore 0.00092 0.002 0 2000855 a 
Gamahaft Bearing (Gear rot 0% er” 
erd) abserved observed 
Journs 1 . , Sore 
Jlearance * * 0,004" 
Zlesrarce/ore Dy QQ0EF 








Uameha® Seering (Fly= fot observed at observed 1,500" 
whee] snd) 

Journel v r] " r 1AM 

Sleararsce q a ‘ n 9,002" 


clearance /Pore 


* fete in this column not observed sy authora but sunplied from reoords of 
Trof, We Ae .cary of Sloan iaboratorye 


0,0905% 








** Laboratory records show thia dimension to be 3,3082" which would mexe 
Jleerarce/tore 0,00097 
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MEASURED PIITOF Rio? DIAweTRICAL Tesh lONs 


Engine 23" hn 6" 
Yop voupression hing 330 (me 2(25 Gee G5 Ges 
Tersio Bore? 148, 170,09 127.0 
Lower Compression Ring 970 Gms 2700 Gms 5675 Cue 
Tonsion/fore* 147.9 1*3 153 
Oil Ring 225 Gme 2900 Oms 7575 Cme 


Tension/iore@ 215.9 183.0 214.0 
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